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An effective field theory model of the massive Yang-Mills theory is considered. Assuming that the
renormalized coupling constants of ’non-renormalizable’ interactions are suppressed by a large scale
parameter it is shown that in analogy to the non-abelian gauge invariant theory the dimensionless
coupling constant vanishes logarithmically for large values of the renormalization scale parameter.
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The standard model (SM) is an established consistent theory of strong, electromagnetic and weak interactions. It
describes most of the known phenomena in elementary particle physics. The modern point of view is to think of the
SM as an effective field theory, “low-energy approximation to a deeper theory that may not even be a field theory, but
something different like a string theory” [1]. While the effective Lagrangian consists of an infinite number of terms,
the non-renormalizable interactions are suppressed by powers of a large scale. This makes the contributions of these
interactions negligible for energies much lower than the large scale. Renormalizability in the traditional sense is not
considered as a fundamental principle but rather a property of the leading order approximation to the full effective
theory.
The SM takes gauge invariance as a starting point. In modern string theories [2] one first notices a state of mass zero
and unit spin among the normal modes of a string, and then from that deduces the gauge invariance of the effective
field theory that describes such particles [1]. In modern approach one usually takes gauge invariance as the starting
point. Referring again to Weinberg’s book, “It is too soon to tell which of these two alternatives corresponds to the
logical order of nature” [1]. Taking into account the above considerations it is not evident that the gauge invariance
principle should be applied to weak interaction as it is not mediated by massless vectors. As the fundamental nature
of both the gauge invariance and the renormalizability seems to be questionable, the role of the scalar sector of the
electro-weak theory could be also questioned, especially as the experimental status of the scalar Higgs particle remains
still unclear. Therefore it seems interesting to have a closer look to effective field theory models of massive vector
mesons which are not based on the concept of gauge invariance.
In the present work an effective field theory model of the massive vector mesons interacting with fermions is
considered. I do not deal here with the most general effective Lagrangian, but instead add the mass term of the
vector mesons to the standard QCD Lagrangian [3]. Next I add an infinite number of non-renormalizable interactions
which are required to absorb the divergences generated by loop diagrams of the perturbation theory. I assume that all
coupling constants of non-renormalizable interactions are suppressed by powers of a Large scale parameter Λ. Under
this assumption I study the renormalization group behavior of the dimensionless coupling constant to one-loop order.
The aim of this work is to investigate if the asymptotic freedom of the non-abelian gauge theories [4, 5] persist when
the explicit mass term is introduced in the Lagrangian (For earlier works on asymptotically free massive Yang-Mills
models see Refs. [6, 7]). Notations below closely follow the book by Yndura´in [3].
Let us consider an EFT model described by the following bare Lagrangian:
L = LQCD +
M2
2
∑
b
BµaBaµ + L1 , (1)
where
LQCD =
∑
q
∑
j
q¯j (i∂/ −mq) q
j + g
∑
q
∑
ika
q¯iγµt
a
ikq
kBµa −
1
4
∑
a
Gµνa Gaµν , (2)
is the standard QCD Lagrangian [3] and L1 contains an infinite number of terms of non-renormalizable interactions
which are necessary for the cancelation of divergences of loop diagrams.
Let us investigate the renormalization group behavior of renormalized coupling constant gR by analyzing the Bψ¯ψ
Green’s function using dimensional regularization (with parameter n) in combination with the MS scheme.
To carry out the renormalization let us introduce the renormalized quantities
qj = Z1/2q q
j
R , B
µ
a = Z
1/2
B B
µ
a,R , mq = Z
−1
m mq,R , M
2 = Z−1M M
2
R , g = Z
−1
g gR , · · · , (3)
2(where · · · stands for parameters hidden in L1) and choose Zq, ZB, Zm, ZM , Zg, · · · such that all Green’s functions
are finite order-by-order in loop expansion.
The sum of one-particle irreducible diagrams contributing in vector-meson propagator is parameterized as −iΠµν
and to one loop order consists of a fermion and vector meson contributions.
Divergent part of the contribution of all nf fermions reads:
ΠµνF ;ab = −2TF δab
g2R
16 pi2
(
−gµνq2 + qµqν
) 2
3
Nǫ nf , (4)
where Nǫ = 2/(4− n) and TF = 1/2. This has to be canceled by counter-term contribution generated by ZB.
Divergent part of the contribution of vector fields is given as
Πµνab;g =
CA δab g
2
R
32 pi2
Nǫ
[
−9M2gµν + 7
(
qµqν − gµνq2
)
−
(
qµqν − gµνq2
) (
14M2 q2 + q4
)
12M4
]
. (5)
The first term in square brackets in Eq. (5) is canceled by mass counter-term, second is canceled by ZB and the third
term is taken care by counter-term contributions generated by higher-order terms hidden in L1.
Field redefinition constant obtained from Eqs. (4) and (5) reads
ZB = 1+
g2R
16 pi2
Nǫ
[
7CA
2
−
4TF nf
3
]
. (6)
The sum of one-particle irreducible diagrams contributing in fermion propagator is given by
Σdivji (p) =
g2R
16 pi2
µ4−n CF δjiNǫ
[
3m−
m3
M2
+
3m2
2M2
p/ −
p2
2M2
p/
]
. (7)
The first two terms in square brackets in Eq. (7) are canceled by mass counter-term, third is canceled by Zq and the
fourth term is taken care by counter-term contributions generated by higher-order terms hidden in L1.
Field redefinition constant obtained from Eq. (7) reads
Zq = 1 +
3m2 g2R
32 pi2M2
CF Nǫ . (8)
This gives the corresponding counter-term diagram contribution in Bψ¯ψ vertex function
iΓ
(1)µ,Zq
ija =
3 i g3Rm
2
32 pi2M2
CF t
a
ij Nǫ µ
4−n γµ . (9)
Two one-loop diagrams contribute in Bψ¯ψ vertex function. Keeping only momentum independent divergent part1
contributing in the renormalization of g the first diagram gives
iΓ
(1)µ
ija = −
3 i
64 pi2
m2
M2
g3R CA t
a
ji µ
4−nNǫ γ
µ . (10)
Analogous divergent part of the second diagram reads
iΓ
(2)µ
ija = −
3 i
32 pi2
m2
M2
g3R
(
CF −
1
2
CA
)
taji µ
4−nNǫγ
µ . (11)
For the momentum-independent divergent part of the sum of two diagrams we obtain
iΓ
(1)µ
ija + iΓ
(2)µ
ija = −
3 i g3Rm
2
32 pi2M2
CF t
a
ij Nǫ µ
4−n γµ . (12)
The contributions of two loop diagrams, Eq. (12), is exactly canceled by counter-term diagram contribution, Eq. (9),
and the resulting value for Zg at one-loop order is
Zg = Z
−1/2
B = 1−
g2R
32 pi2
Nǫ
[
7CA
2
−
4TF nf
3
]
. (13)
1 The momentum dependent divergent parts are canceled by counter-term contributions generated by corresponding terms in L1.
3For the corresponding running coupling constant α = g2R/(4 pi) one obtains
α(µ) =
α (µ0)
1 + α(µ0)2 π ln
µ
µ0
[
7CA
2 −
4TF nf
3
] . (14)
The renormalized coupling α of Eq. (14) vanishes logarithmically for large µ if nf < 21CA/4.
To make sure that the considered model is self-consistent, I have checked that the renormalization of the BBB
Green’s functions leads to the same results as given in Eqs. (13)-(14).
To conclude, renormalization group behavior of the dimensionless coupling constant of an effective field theory
model of massive Yang-Mills vector fields interacting with fermions has been considered. This analysis has been
performed under assumption that the coupling constants of non-renormalizable interactions are suppressed by powers
of a large scale parameter Λ. The renormalized coupling constant vanishes logarithmically for large (but still << Λ)
values of the renormalization scale parameter µ if the number of fermions nf < 21CA/4. This is to be compared
with nf < 11CA/2 in the gauge invariant theory. For µ ∼ Λ the contributions of the non-renormalizable interactions
can not be neglected, therefore Eq. (14) can not be trusted for such values of µ. The same applies to QCD as well.
According to modern understanding QCD should be considered as the leading order approximation to an effective
field theory. For the energies where the contributions of non-renormalizable interactions are no longer suppressed,
the asymptotic freedom of the strong interaction described by standard renormalizable QCD Lagrangian requires
further investigation. Of course it is not evident that at such high energies the quantum field theory approach is still
meaningful.
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